despite being severely reduced. This explanation is not was deprived of vision by eyelid suture, while we supfar fetched. For example, we know that earlier in normal pressed the activity of visual cortical neurons by contindevelopment, afferents are very sparse but very wideuous infusion of the GABA A receptor agonist muscimol. spread, occupying a territory much larger than they will After two weeks, which is long enough to cause visual later cover and being reasonably effective in driving cortical plasticity in the reverse direction (Hata and cortical cells, despite their having few branches and Stryker, 1994), the cortical region inactivated by muscisynapses (Antonini and Stryker, 1993a). If in the muscimol was delineated physiologically by mapping cortical mol experiments, the less active inputs became reduced cells' activity. Dye marks made at the border of the inactibut widespread when deprived of trophic support from vated region showed that all of the arbors in the present the target, like the afferents in young normal animals, study were within the inactivated region of the cortex. all of the earlier results might still be explained solely
The animals were perfused, and serial sections of visual by a depletion of retrograde signal. cortex were stained immunohistochemically for anatomFor this reason, it became essential to measure these ical demonstration of the geniculocortical arbors. Each plasticity effects by some absolute standard. Reconsingle arbor was reconstructed in three dimensions. struction of single afferent arbors is the only absolute Geniculocortical arbors were labeled well in the pharstandard available to us in this system, and ample data macologically suppressed cortex, so that the terminal from normal animals and deprived animals with no drugs structures, such as terminal swellings and small varicosapplied to the cortex are available for comparison. In ities on short stalks, could be observed clearly as shown the present experiments, we analyzed the morphology in Figures 1b-1g . We found no difference in the quality of individual geniculocortical arbors to obtain direct eviof labeling between the arbors serving the deprived and dence of absolute rather than relative morphological the nondeprived eyes or between these and afferents changes during the reverse plasticity. Arbors serving the published earlier (Antonini and Stryker, 1993a, 1993b, nondeprived eye in the pharmacologically suppressed 1996). cortex were much less elaborate in shape and much Ten deprived eye arbors from three animals and ten shorter in total length than those serving the deprived nondeprived eye arbors from three animals were reconeye. Indeed, these open eye afferents were more sestructed in three dimensions in the present study. than that of the axons serving the deprived eye. This monocularly deprived from eye opening to the day of perfusion. Furthermore, nondeprived eye arbors in musplasticity in axonal morphology is opposite in direction to the plasticity observed after monocular deprivation cimol-treated animals had fewer branch points and narrower coverage area than the arbors of all other groups. in normal animals (Antonini and Stryker, 1993b Stryker, , 1996 and consistent with the plasticity of ocular dominance Arbors serving the deprived eye in muscimol-treated animals were also somewhat shorter in total length than columns shown by transneuronal labeling (Hata and Stryker, 1994). those in normal P30 and P40 animals and open eye arbors in monocularly deprived animals. If the lengths We measured three parameters (total length, number of branch points, and coverage area) for each arbor that of deprived eye arbors in muscimol-treated animals are corrected for the approximate 33% Ϯ 6% (SEM) overall are the estimates of size, shape, and projection area of the arbor, respectively (Figure 3 ). These measurements shrinkage of the cortex in which they were embedded (measured in other animals), then they would not be quantified the impression from visual inspection and allowed comparison of the present results with the pubsignificantly different in length from the open eye arbors in monocularly deprived animals that had not been lished data (Antonini and Stryker, 1993a, 1996) for the arbors in animals of various experimental conditions treated with muscimol. However, they had a number of branch points similar to arbors in normal P30 and P40 (Table 1 ). The arbors serving the nondeprived eye in the muscimol-treated animals were highly significantly animals. They also had significantly more branch points than deprived eye arbors in untreated cortex but fewer shorter in total length and had fewer branch points and narrower coverage areas than those serving the debranch points than nondeprived eye arbors. The coverage area was similar to that in normal P30 animals but prived eye. Comparing the arbors in the muscimoltreated animals with arbors in the other groups, nondewas significantly narrower than in normal P40 arbors and in open eye arbors in the long-term deprived animals. prived eye arbors in the muscimol-treated animals were shorter in total length than those found in all other groups; that is, arbors in normal kittens at postnatal Discussion day (P) 30 and 40 raised without any visual deprivation, deprived eye and nondeprived eye arbors in kittens that Individual geniculocortical arbors showed morphological plasticity in the reverse direction following monocwere monocularly deprived for 6 or 7 days, and deprived eye and nondeprived eye arbors in kittens that were ular deprivation during inhibition of the cortex by an , 1994) , could also be tuned to be consistent with the present findings, though such ever, are difficult for such a theory to explain, and they suggest that another mode of plasticity that allows spea model still requires retrograde messengers to communicate the reduced efficacy to the presynaptic afferent cific weakening of particular active pathways operates in the developing visual cortex, in addition to a strengthand cause it to retract. It is worth pointing out that inhibition of activity in the target neurons was shown ening mechanism.
On the other hand, the deprived eye arbors in the to lead to suppression of synaptic transmission of the activated pathway in the visual system (Tamura et al, inactivated cortex were comparable in complexity to the arbors in the normal animals and did not show signs of 1992; Kato and Yoshimura, 1993) . In experiments using whole animals or visual cortical slices, electric stimulaexpansion. Previous work showed that the nondeprived eye arbors in normal cortex expanded after monocular tion given to afferent inputs, which usually induces longterm potentiation of evoked field potentials, caused a deprivation for 4 weeks, while 1 week of deprivation failed to cause such expansion (Antonini and Stryker, depression of field potential when neurons were inhibited pharmacologically during the conditioning period. 1996). Therefore, the 2 weeks of monocular deprivation used in the present experiments might not have been Such a depression of physiological response may trigger a process leading to a shrinkage in morphology as sufficiently long for the deprived eye arbors in the inactivated cortex to expand, although it is also possible that observed in the present experiments. In any case, the cellular transaction responsible for activity-dependent only shrinkage or maintenance of afferent arbors can take place in the inactive cortex. plasticity involves signaling that is effectively bidirecThe present findings implicate a mechanism by which tional, and while it could well be mediated by trophic suppression of cortical activity can cause a retraction of factors (e.g., von Bartheld et al., 1996), it uses them to presynaptic afferents, depending on their activity levels.
steer the process rather than to fuel the engine that The abundant evidence for involvement of neurotrophins maintains synapses. These conclusions could not be in cortical plasticity (reviewed by Thoenen, 1995 Thoenen, 1995 Thoenen, , 1996 , while the more active afferents of the primary visual cortex (stereotaxic location: A, Ϫ2.0 mm; L, IV was considered for this analysis; the axonal trunk and its bifurcations were thus clipped just below layer IV. Second, the number of 2.0 mm; depth from cortical surface: 2.0 mm) in 4-week-old kittens (P28-P31), and muscimol solution was infused continuously until branch points of the terminal arborization in layer IV obtained as described above. Third, the coverage area of the terminal arborizaterminal perfusion at P41-P45 (30 mM in saline, 0.5 l/hr, 2 weeks). Before PHA-L injection, tungsten microelectrode penetrations were tion in layer IV evaluated from the pial view of the arbor. The terminal arborization was considered to be compressed along an axis permade between ϩ3.0 and ϩ5.0 mm (A) and 7.0 and 8.5 mm (L) to find a clear visual response from lamina A in the LGN, which is pendicular to the pial surface and to lie in a single plane. The coverage area of the arbor was calculated as the area that was within ipsilateral to the muscimol infusing cannula. Then, the microelectrode was withdrawn and substituted with a glass pipette (10-15 50 m from any branch of the arbor. In these analyses, very short endings Ͻ5 m (such as those indim tip diameter) filled with 2.5% PHA-L solution (2.5% in phosphatebuffered saline [PBS], pH 8, Vector). The lectin was iontophoretically cated by arrowheads in Figures 1d and 1g) were measured but were omitted from all analyses. Arbors from previous experiments were injected (pipette positive current of 5-10 A, 2 s pulse, 1000 A s in total) at the stereotaxic coordinates previously identified by the analyzed again in the same way as the present data. metal recording electrode, with verification of the depth by recording from the lectin electrode. Usually, four lectin injections were made
